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SL%-NANOSECOND JITTER, REPETITIVE IttPULSE CENERA”iORS

FCJRHICH RELIABILITY APPLICATIONS

C. J. Krau~se and W. J. Sarjeant
LOS Alamos National Laboratory

LOE Alamos, New Mexico 87545

ABSTRACT

Lou jitter, high reliability impulne generator development has recrntly

become of ever Increasing importance for developing nuclear phyqics ●nd weapons
applications. Thio paper deocrlbes the renearch and development of very low

jittrr (<30 pa), multikilovolt generators for high reliability, minimum main-
tenance trigger applications utilizing a new class of high-pressure tecrode

thyratrons now commercially available. The overall system desiFn philosophy
,.]ill be deocribed followed by a detailed analysis of the nubsvetem component

●lemento. A multi-variable ●xperimental analyais of this new tecrode thyratron
waa undertaken, in a low-inductance configuration, as a function of ●xternall.i
available parameters. For sprciflc thyracron trig@er condition, rine times of
18 no lnto6.O-!? loadn were achieved at jitters as low as 24 ps. Using this
database, an integrated trigger generator system with solid-state fronl-end will

be deocrlbed in tome detail,

Introduction

There ere a number of ●merging applications for
verv low jitter repetitive impuloe generators, particu-

larly in thr nuclear particle physics fields. This
paper drncriben the development of an integrated Jystcm

for thee., high reliability applications.’ The im;,ulse
generator was to serve as :he Ftostcr Trlngrr Gen@rncor

(NK) f@r a large neurrlno dete~tor installation at the
Fkoun Physicrn Facili!v of th~ LOB Alamos Nntional L~b-

oratory Specifically, the NTG wan denigned to drive

the lliF1l-SJr,ltn,Re pulsrr illustrated in Fig. 1. Tho ,
neutrino detector la dcfi:ribcd in dc:ail ●lsewhere.

+ PANTICLE PATH

~’c’”’’’””” ‘O””’”

&%
EXPERIMENTAL CONFIGURATION

Fi~, 1

A block diagrsm of th~ PfK in illuntra:rd in FiR. ?.

For farntest swltchinR times and minimum litter, thr
● v~rpm wag dasigncd ●round ● new nt~h-presnure tetredr

thyratr on, requiring ● detallod ●nn’vai~ of the thyla-
tron before demisn of th~ pr~requlsite triRRrr ●nd
●nergy storage ●uhnyntemn could be und~ltakvn.

Thvratron Chnractcricat ion..————.-. ———

The thyrotron switch unod to dimchnr~r th~ @ncrgy
ntorage symtem •l~mcnls into “h- 3-~ load f~ itnelf ●

time-varying component ● s itn .ime-varying Inhttancc
and rmafstance ljmit the rise timo to w?O MU, tdcqunt?

for th~ present application, In order to mir,lmlr,~
●witchinR time, d~lay tlmr, ●nd jitt?r, A detnilud

study of the thyratron commutation chnrarterintlcn was

undertaken fcr a 3-fl load remimtancc and th~ denlgn

I L.-,
~--l’’’’’m’”’l

Fig, 2

value ●ntrgy slorag~ eap~rity of 0,24 LIF, charped to

5 kV using the HY-8 ● n ● switch. An provlous work had

shown chat little performance improvement was schicved

for crlBRer vnltager in ● xc?ns of 2 kl’, it was ponnihle

then to ktilise a very hi h-speed thvrlster drlvrr for
minimum comonutation timr. ! Th@ basic test clrcujt w~n
someuhat mimpllfled from the completo trl~per F@n\*rator
show in Pig. 3. Not* that th~ bias and auxlliar!’ nul~-

plicn ● re decoupled from tho thyratren during comntlta-
tion by 2-mJi rf chokes and that tho trl~~er pul~r In

apFlied directly to G2 vla c17. This cnnfiguratlc’n
minlmlcps owltchlna timeg by elimlnatin~ the leading..

@dge rimr time d’ogrrnd~:tion ununlly @@en when a pulsr
transformer is us?d,

In the inltlnl study uming the llY-EI tetrod~ thyrn-
tron, it wan cl~arly demonncratrd that the forwnrd bian

on tho low-r srld Greatly reduced thQ normal #rid rnpikr
am ● r?nult of the low impedance in th~ prc-ionirod

grid-cathoda ● rea. A reprosentativ? ~rid tri~uor pulse
in shnvn in Fig. 4 wirh ond without th~ tube in circuit,

Nntu the very rapid voltage rlsetlmr, The time hl~tory
of tne Rrld dynamlr imped~ncv ie illunttaled in FIR. 3.

~rlnR cmonutation the impcdnncc falln to a minimum of
6 f), illustrating tho nrrd for ● low trlgR@r m,urcc

Impcdmnce wh@I? fnnt BwitchinR 1P d?nfr?d, ● m thown in
FiII, 6, Throughout the trlRg@r source impedance rangr
of 10 W do~l to 3 fl, the jltt~r ●nd propnRation delay
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times changed very little while the current rise time
decreased by almost 40%.

20.vE==l
TEST CONDITIONS (MYW RES/FIL

15JQV

1000V

Soov

o

0

SoA

100A

-1
I

t
~ ---------- -*--.

‘1
!

---- Hvdo~ToFcK~.

1SoA II I
—HV8HOT ANDINCKT,

T1 T2 I

50

40

30

20

70

0

1 1 I I 1 1 I I 1 1 I I
00 so 100 150 200 2s0 300 3s0 400 450 rloo

.TIMEINns

Fig. 4

TEST CONDlT10N3(HY#) RES/FIL

@6,3VACGl@2!jrnA

G2BIA3 100V TRIGGERZ ■3f? I

60 100 150 200 2s0 300

Z(lN@v~T FOR HY-8

?.8. 5

In varying th? triRger pulse ria~ time from 10 to
100 ns, the dynamicm of the thyratron turn-on ● re Big-

niflcantly aff@cted ● m illustrated in Fig. Y. The major

changv was found in d~creaoing delay time as the rioe

time dccrcas~d, This ia a result of the linaar increano
in tht Rrovth rat~ of the trigRer plnsma, To meet the
dolhy time specification for th~ ayatem, the voltngc

rise time vaa ●at to bp becwQen 20 and 30 ns, Uning

tha larRerof the two, the changep in jitter ●tld delay

tire? with trigger voltag~ amplitude wvre evaluatrd and

.
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rig, 7

the renultt illuntrat?d in FIR, 8. Aa the trtg~cr
voltaRe incrraeed, the atatiatlcal spread in turn-on
deer.amad sharply an t}w initial ●lcctron dona~ty ●nd
field gradient ● ra ●levated ramltlng in more prociaeIy
dafined commutation time,

In ●ddition to ita input tri~Rer parameter, there

● rc several othar ar?am where thvratron performance
optimization eftn tnh pltIcc, Tim@ jitter mayhereduc~d
niullificantl.? by prwtring tha reservoir and filnmanta

Vtth reRulatcd dc pouer inatend of nc ptwvr, ‘2hia

3
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of the initial cathode currents.

supplied to the reservoir and

filar,ents msy be varied to optimize rise time (Tr)and
delay time (Td). Figure 9 shows the changes irl Tr and

?d for various filsment and reservoir vcltages, These
curves show that for minimum Tr and Td, the HY-B fila-

ment and reservoir should be run at their rated maximum
(s,$ v), A Iarke reduction in Td was achieved by aup-

ply~n: tlie auxiliary grid (Gl) of the HY-8 with n pclsi-
tive b!as. The auxiliary grid current heavily ionizes

the hydrogen in the imme4iate ~ticinity of the cathode.
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This mcnns that the initial [Iectrrm density is well
d~ftnud and far in excess of statistictil background

la’vol~ (when ICI ■ 0).’ Figure 10 P!XNJB Td vn Cl current.

T}JI graph shows that above 30 mwt of GI current, ther~ iB

littlp hprovernent in Td: however, ● t this ?~illt, it
should be noted thctt furth~r Intreanen in Cl curr~nt r@n

hnv~ a deleterious @ffQCt on the thyratron’s hold-off
cnv.tbility. TIIP same in trur for excessiv? voltage

Sppl:ed to th~ r~servoir, The Ions in hold-off capnbi-
Iity mny “:cr aomeuhnt overcome by tiupplying C~ with a
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negative bies. With the exception of the energy storagt
capacitors and circuit layout geom.try, the only other
limits arc provioe? by the physical design of the thvra-
tron itself, Based on the above data and desjpn cri-
terion, a high-pressure version of the HY-8 was ordered.

Close interactions with the thyr+rtron manufacturer after
initinl testing prcduced the prcsrnt generation of

switch tube--the IN-BOO!. The jitter diatributirw for
the tfTG using the HY-8001 is shown in F~g. 11,
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Thvristrrr Thvratron Tri~F:~,.+—— -— —...-—

The thytatron trigger system wsn cfeveloprd tc meet

or ●xceed s1l thyrntron trJgger r~quiramsvrtm previously
mcntion~d. FiRure 3 ●hews a ael,vm~tir diagrrm of the
thyristor-switch thyratro-t triggrr, The circuit wan
dunigned cooperate on ● s1O nn rime, time poaitlve input
pul~~ (~0.8 V) into s 50-R luad, thus making the oyatem

compntiblc with aev?ral types of di~ital logic euch an

Nit’! ●nd TTL,



A positive pulse is applied to J1 and triggers the

LM261 voltage comparator. The threshold level may be
changed b! varying the settint?of R49, The LM~fIl outPut
is a fast-rising p~sitive pulse which is applied to the
input of a LMOO02 current driver. The cutput of the
LMOO02 is of sufficient power to drive the power tran-
sistor Q1 into heavy conduction. This provides a fast

current pulse simultaneously to the gate leads of thy-
ristors CRlfI through 21. Since the rise time of this

gate pulse is faat (<10 ns) in rclatfon tc the delay

time of the thyristor stack and the peak voltage level
is far in excess of minimum trigger level, all six

devices comm’4tate virtually Sh6J!?dn.?OUSIY. The trfg-

.gering sequence of thyriscors 15 through 1 is via a con-
siderably different mode. hT,en the resistance of the

fi~st 6 units collapses, a voltage change is impressed

on each of the remaining 15, limited in time only by
looP inductance and stray capacitance. This voltage

change (di’/dt) is 600 V in 0.015 us corresponding to a
d\’/dt Of 40 kI’/Ds. fhis means that each of the remain-
in~ 15 units, with a dY/dt rating of 30 V/Us anode to

cathode will rapidly commutate. The net result of this

circuit configuration is that all 21 thyristors commu-

tate within the delay time of a single device. with

current rise time limited onlv b!’ 100rI inductance, stra?
capacitance, and device capability. The impe~ance of
the pulser is controlled by t!~e electrical size of the

energy storaae capacitors and by the loop inductance.
For minimum rise tire,loop inductance was reduced to
the lowest level possible and at the same time, consis-

tent with all other design criteria. The output

appears acrosa the ~l~? resistor, R43. Figure 4

illustrates the output wave form.

The energy storage capacitors and current loop

~hown in Fig. 12 are conceptually straightforward in

ge~metry. The choice of this design was based on the

similarity in output drive requirements of both the
thyratron driver and the master trigger generator that

is to drive a time-varying load, ’i.e., ● thyratrbn or
a triggered apatk gap. The selection of capacitors for

●nergy storage ayatema which have high output cutrents,

fast rise times, and high reliability is a nontrivial
matter. Aa increasing demands on the current rise
times ●nd peak currents ● re made m ●nergy storage eys-

tems, capacitors of specialized construction become a
rwcessitv. Capacitor with a low equivalent series

I:tductance and low ●quivalent series resistance are
required.

Shot life, ● term dtnoting the number of discharge

cycles brcom~e ● vital pt,rameter with regard to relia-
bility. Operating temperature ●nd cooling spparatu~

become an i~,tegral part of the ●lrctrlcal design at
high power and/or high repetition rat~s. All of thesr

constraint~ make capacitor selection a complex process
with the above in mind. The capacitors that were
cclected for the MT ● re 0.03 IJF at S kV with an induc-

tance of Y1O nH and an CSR of ‘U (2. Thcv have an approx-
imat~ shot life of 1 x 107 (~99% confidence level>,
Figure 12 ehowe thtir phyelcal placement. Forced air
cooling ie used to cool both the thyratrou and the
reRtntor-capncitor networke.

ANODE
\COLLECTOR m

CAPACITOR,~%o.%>
COLLEC1OR

RIMO

CATHOOE
COLLECTO

Fig. 12

Circuit Lavout Ceometrv

In all systems where fast pulses are processed,
circuit layout can be and often is as critical as com-
ponent selection and circuit design. The loop lenRth

for the HY-8 (as shown in Fig. 12), was reduced as much

as was possible consistent with component size and

cooling requirements. The approximate loop length in
Fig. 12 is 10 in~hes giving an approximate loop in-

ductance cf 300 nH/loop.

A reduction of 50:. in loop length will yield =30:.

reduction in Tr provided that the system iS not li~ited

by the switching device itself. The effecti~.e systcm

inductance can be reduced in two ways: One method is

to provide multiple parallel current paths, in effect
paralleling inductances, In a tightly coupled svster,
symmetric and opposite current paths, both of these can

lead to significant Improvements in pulse rise time.
In FiR. 12, the anode collector Is a two-sided printed

circuit board that aloo provides the anode-to-capacitor

interface. The two current paths on the board are iso-
lated from one another until point of co~tact. This

technique provided a factor of 2 increase in ~.lrface
conductivity and ~30% reduction in inductance.

This method was also uacd in the design of the

capacfcor collector ring and the cathode collector, In
nddition, the capacftora ●nd diachsrge loops are

arranged around the IN-8 in the form of a folded apokcd

wh~el. This arrangement alon~ with the parallel cur-
rent paths ●nd the tight coupling of the circuit ●le-

tnents reduced loop inductance in the HY-8 stage of th~
MIT to under 30 nH.

Symmetry is an important asprct of the circuit geo-

metry in that each Inductiv{ loop (FiR, 12) has an
●xact oppositr much that th.* magnetic fields, whtch are

set up during the pulse in the loop?, tand to cancel

one ●noth~r. There are two benefits from thin layout
arrangement, On@ is reduced electromagnetic radlaticn
●nd the other an affective raduction in loop inductancc$,

Figure 3 showe the overall ncheqatic of the &fTC, The
output of M’M (banod on the HY-8001) has ● penk current

O{ 6000 A with a rise time of 18 ne, This meann that
the dildt is 3 x 101’ AIS, Th? peak output voltaRe is
5 kV, snd system delny ie 125 nrn with a totnl syetem

jitter of * :24 pr4.

.



conclusion

Several areas of thyratron performance have been
assessed, including trigger source criterion, thyratron
operatins parameters, and geometrical effects. As a

necessary part of the development of an ultra-low jitter
trigger system, thyratron trigger source design para-
meters have been established with regard to output

Ir.pedance, rise time, jitter, delay time, and voltage

level. Thy~atron operating parameter, i.e., grid,
current, bias levels, filament, and reservoir power

fcr the NY-8, have been accurately determined and a
high-pressure version of the HY-8001 has been developed.

Component layout has been shown to bs of vital impor-
cnnce. The present system (MTC) has demonstrated it-
self to be both versatile and extremely reliable, with

a-hot life far in excess of 10’ shots and reliability

rating of 99.2% over its operating history. At pre-

stint, a low-inductance version of the HY-8001 is in
prc)cess and could reduce current rise time by as much
as 40::. This will provide a di/dt of =5 x 101] A/S.

There remin areas for further development, particu-
larly in reducing rise time and delay times even
furtlier.
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